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CLAIMS 

^"l> A power saving circuit for use in a dynamic random access memory 
during refresh of the dynamic random access memory ("DRAM"), the power saving circuit 
comprising: 

a first set of input buffers operable to generate respective internal command 
signals from external command signals applied to the input buffers, the input buffers in the 
first set being disabled by a first refresh signal; 

a bias circuit operable to bias at least one internal command signal responsive 
to a second refresh signal; and 

a refresh decoder operable to decode at least one internal command indicative 
of a refresh of the DRAM and causing the DRAM to be refreshed responsive thereto, the 
refresh decoder generating the first and second refresh signals during the refresh of the 
DRAM. 

2. The power saving circuit of claim 1 wherein the first and second 
refresh signals comprise an auto-refresh signal. 

3. The power saving circuit of claim 1 wherein the refresh decoder is 
further operable to removing the bias from the command signals and enabling the input 
buffers in the first set at the conclusion of the auto-refresh cycle. 

4. The power saving circuit of claim 1, further comprising a clock input 
butler through which an external clock signal may be applied to generate an internal clock 
signal, the clock input buffer being disabled by a third refresh signal, and wherein the refresh 
controller is operable to generate the third refresh signal during the refresh of the DRAM. 

5. The power saving circuit of claim 1, further comprising a clock input 
buffer through which an external clock signal may be applied to generate an internal clock 
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signal, and wherein the refresh controller is operable to terminate the first and second refresh 
signals responsive to a predetermined transition of the internal clock signal. 

6. The power saving circuit of claim 5 wherein the refresh controller is 
operable to terminate the first and second refresh signals one-half the period of the clock 
signal after detecting the predetermined transition. 

7. The power saving circuit of claim 5 wherein the refresh controller is 
operable to terminate the first and second refresh signals responsive to detecting a second 
transition of the clock signal having a polarity that is different from the polarity of the 
predetermined transition. 

8. The power saving circuit of claim 1 wherein the bias circuit comprises 
a transistor coupled to an output terminal of an input buffer in the first set through which the 
at least one internal command signal is coupled. 

9. The power saving circuit of claim 1 wherein the bias circuit is operable 
to bias a plurality of internal command signals to respective states that assert a no operation 
memory command. 

10. The power saving circuit of claim 1 wherein the refresh decoder is 
further operable to detect the state of a predetermined command signal, and, in response to 
detecting a first state of the predetermined command signal, to continue biasing the command 
signal and disabling the input buffers in the first set at the conclusion of the auto-refresh 
cycle. 

11. The power saving circuit of claim 10 wherein the refresh decoder is 
further operable to remove the bias from the command signal and enable the input buffers in 
the first set responsive to detecting a transition of the predetermined command signal from 
the first state to a second state. 
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12. The power saving circuit of claim 10 wherein the refresh decoder is 
further operable to disable predetermined components of the dynamic random access memory 
at the conclusion of the auto-refresh cycle responsive to detecting a first state of the 
predetermined command signal. 

13. The power saving circuit of claim 12 wherein the refresh decoder is 
further operable to enable the predetermined components of the dynamic random access 
memory in response to detecting a transition of the predetermined command signal from the 
first state to a second state. 

14. The power saving circuit of claim 1 wherein the refresh decoder 

comprises: 

a first decoder operable to decode the at least one internal command indicative 
of a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto; 

a timer coupled to the first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupled to the first decoder and to the timer, the second 
decoder being operable to generate a refresh command and the first and second refresh signals 
responsive to the predetermined refresh signal, the second decoder further being operable to 
terminate the refresh command and the first and second refresh signals responsive to the 
refresh terminate signal. 

15. The power saving circuit of claim 14 wherein the predetermined 
refresh signal comprises an auto-refresh signal and the refresh command comprises an auto- 
refresh command. 

A power saving circuit for use in a dynamic random access memory 
during refresh of the dynamic random access memory ("DRAM"), the power saving circuit 
comprising: 
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a first set of input buffers operable to generate respective internal command 
signals from external command signals applied to the input buffers, the input buffers in the 
first set being disabled by a first refresh signal; 

a clock input buffer through which an external clock signal is coupled to 
generate an internal clock signal; 

a bias circuit operable to bias at least one internal command signal responsive 
to a second refresh signal; and 

a refresh decoder operable to decode at least an auto-refresh command and to 
initiate an auto-refresh cycle responsive thereto, the refresh decoder being further operable to 
detect the respective states of first and second predetermined command signals, the refresh 
decoder being operable to: 

perform a self-refresh of the DRAM in response to decoding an auto- 
refresh command and detecting a first state of the first predetermined command signal 
and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM in response to decoding an auto- 
refresh command and a detecting second state of the first predetermined command 
signal and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM and generate the first and second 
refresh signals in response to decoding an auto-refresh command and detecting a first 
state of the first predetermined command signal and a second state of the second 
predetermined command signal; and 

perform an auto-refresh of the DRAM, generate the first and second 
refresh signals, and disable components of the DRAM other than the first set of input 
buffers at the conclusion of an auto-refresh cycle in response to decoding an auto- 
refresh command and detecting a second state of the first predetermined command 
signal and a second state of the second predetermined command signal. 

17. The power saving circuit of claim 16 wherein the clock input buffer is 
disabled by a third refresh signal, and wherein the refresh decoder is further operable to 
generate the third refresh signal along with the first and second refresh signals. 
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18. The power saving circuit of claim 16 wherein the first predetermined 
signal comprises a clock enable signal. 

19. The power saving circuit of claim 16 wherein the second 
predetermined signal comprises a data mask signal. 

20. The power saving circuit of claim 16 wherein the refresh decoder is 
operable to terminate the first and second refresh signals at the conclusion of the auto-refresh 
if the first state of the first predetermined command signal and the second state of the second 
predetermined command signal were detected, the refresh decoder being further operable to 
continue generating the first and second refresh signals at the conclusion of the auto-refresh if 
the second state of the first predetermined command signal and the second state of the second 
predetermined command signal were detected. 

21. The power saving circuit of claim 20 wherein the refresh decoder is 
operable to continue generating the first and second refresh signals at the conclusion of the 
auto-refresh as long as the second predetermined command signal is maintained in the second 
state. 

22. The power saving circuit of claim 20 wherein the refresh decoder is 
operable to terminate the first and second refresh signals at the conclusion of the auto-refresh 
by detecting a predetermined transition of the internal clock signal, and to terminate the first 
and second refresh signals responsive to detecting the predetermined transition of the clock 
signal. 

23. The power saving circuit of claim 22 wherein the refresh decoder is 
operable to wait a predetermined duration after detecting the predetermined transition 
terminate the first and second refresh signals before terminating the first and second refresh 
signals. 
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24. The power saving circuit of claim 16 wherein the bias circuit is 
operable to bias a plurality of internal command signals to generate a no operation memory 
command. 

25. The power saving circuit of claim 16 wherein the refresh decoder 

comprises: 

a first decoder operable to decode the at least one internal command indicative 
of a refresh of the DRAM and to generate a predetermined refresh signal responsive thereto; 

a timer coupled to the first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a predetermined period 
81 after the predetermined refresh signal; and 

a second decoder coupled to the first decoder and to the timer, the second 
decoder being operable to generate a refresh command and the first and second refresh signals 
responsive to the predetermined refresh signal, the second decoder further being operable to 
S terminate the refresh command and the first and second refresh signals responsive to the 

O refresh terminate signal. 

M 

26. The power saving circuit of claim 25 wherein the predetermined 
refresh signal comprises an auto-refresh signal and the refresh command comprises an auto- 
refresh command. 

27. The power saving circuit of claim 16 wherein the bias circuit 
comprises a transistor coupled to an output terminal of an input buffer in the first set through 
which the at least one internal command signal is coupled. 

^N^. A dynamic random access memory ("DRAM"), comprising: 

a row address circuit operable to receive and decoder row address signals 

applied to an external terminal; 

a column address circuit operable to receive and decoder column address 

signals applied to an external terminal; 
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an array of dynamic random access memory cells operable to store data written 
to or read from the array at a location determined by the decoded row address signals and the 
decoded column address signals; 

a data path circuit operable to couple data signals corresponding to the data 
between the array and an external data terminal; 

a command signal generator operable to generate a sequence of control signals 
corresponding to command signals applied to respective external terminals and coupled 
thorough a first set of input buffers to generate respective internal command signals, the input 
buffers in the first set being disabled by a first refresh signal, the command signal generator 
further including a bias circuit operable to bias at least one internal command signal 
responsive to a second refresh signal; and 

a refresh decoder operable to decode at least one internal command indicative 
of a refresh of the DRAM and causing the DRAM to be refreshed responsive thereto, the 
refresh decoder generating the first and second refresh signals during the refresh of the 
DRAM. 

29. The dynamic random access memory of claim 28 wherein the first and 
second refresh signals comprise an auto-refresh signal. 

30. The dynamic random access memory of claim 28 wherein the refresh 
decoder is further operable to removing the bias from the command signals and enabling the 
input buffers in the first set at the conclusion of the auto-refresh cycle. 

3 1 . The dynamic random access memory of claim 28, further comprising a 
clock input buffer through which an external clock signal may be applied to generate an 
internal clock signal, the clock input buffer being disabled by a third refresh signal, and 
wherein the refresh controller is operable to generate the third refresh signal during the 
refresh of the DRAM. 
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32. The dynamic random access memory of claim 28, further comprising a 
clock input buffer through which an external clock signal may be applied to generate an 
internal clock signal, and wherein the refresh controller is operable to terminate the first and 
second refresh signals responsive to a predetermined transition of the internal clock signal. 

33. The dynamic random access memory of claim 32 wherein the refresh 
controller is operable to terminate the first and second refresh signals one-half the period of 
the clock signal after detecting the predetermined transition. 

34. The dynamic random access memory of claim 32 wherein the refresh 
controller is operable to terminate the first and second refresh signals responsive to detecting 
a second transition of the clock signal having a polarity that is different from the polarity of 
the predetermined transition. 

i 

35. The dynamic random access memory of claim 28 wherein the bias 
circuit comprises a transistor coupled to an output terminal of an input buffer in the first set 
through which the at least one internal command signal is coupled. 

36. The dynamic random access memory of claim 28 wherein the bias 
circuit is operable to bias a plurality of internal command signals to respective states that 
assert a no operation memory command. 

37. The dynamic random access memory of claim 28 wherein the refresh 
decoder is further operable to detect the state of a predetermined command signal, and, in 
response to detecting a first state of the predetermined command signal, to continue biasing 
the command signal and disabling the input buffers in the first set at the conclusion of the 
auto-refresh cycle. 

38. The dynamic random access memory of claim 37 wherein the refresh 
decoder is further operable to remove the bias from the command signal and enable the input 
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buffers in the first set responsive to detecting a transition of the predetermined command 
signal from the first state to a second state. 

39. The dynamic random access memory of claim 37 wherein the refresh 
decoder is further operable to disable predetermined components of the dynamic random 
access memory at the conclusion of the auto-refresh cycle responsive to detecting a first state 
of the predetermined command signal. 

40. The dynamic random access memory of claim 39 wherein the refresh 
decoder is further operable to enable the predetermined components of the dynamic random 
access memory in response to detecting a transition of the predetermined command signal 
from the first state to a second state. 
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42. The dynamic random accessrmemory of claim 28 wherein the refresh 
decoder comprises: 

a first decoder operable to decjz&e the at least one internal command indicative 
C of a refresh of the DRAM and to generate predetermined refresh signal responsive thereto; 

a timer coupled to the/ first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder yfcoupled to the first decoder and to the timer, the second 
decoder being operable to generate a refresh command and the first and second refresh signals 
responsive to the predetermined refresh signal, the second decoder further being operable to 
terminate the refresh command and the first and second refresh signals responsive to the 
refresh terminate signal. 

43. /The dynamic random access memory of claim 42 wherein the 
predetermined refre/h signal comprises an auto-refresh signal and the refresh command 
comprises an auto^refresh command. 
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A dynamic random access memory ("DrL"), comprising: 

a row address circuit operable to receive arid decode row address signals 
applied to an external terminal; / 

a column address circuit operable to recdlve and decode column address 
signals applied to an external terminal; / 

an array of dynamic random access memortf cells operable to store data written 
to or read from the array at a location determined by the decoded row address signals and the 
decoded column address signals; / 

a data path circuit operable to couple cpta signals corresponding to the data 
between the array and an external data terminal; / 

a clock input buffer through which an external clock signal is coupled to 

generate an internal clock signal; / 

a command signal generator operable fto generate a sequence of control signals 
corresponding. to command signals applied to respective external terminals and coupled 
thorough a first set of input buffers to generate respective internal command signals, the input 
buffers in the first set being disabled by a first refresh signal, the command signal generator 
further including a bias circuit operable to bp at least one internal command signal 
responsive to a second refresh signal / 

a refresh decoder operable to dedbde at least an auto-refresh command and to 
initiate an auto-refresh cycle responsive thereto/ the refresh decoder being further operable to 
detect the respective states of first and second predetermined command signals, the refresh 

decoder being operable to: / 

perform a self-refresh fof the DRAM in response to decoding an auto- 
refresh command and detecting a first state of the first predetermined command signal 
and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM in response to decoding an auto- 
refresh command and a detecting/second state of the first predetermined command 
signal and a first state of the second predetermined command signal; 

perform an auto-refresh of the DRAM and generate the first and second 
refresh signals in response to decoding an auto-refresh command and detecting a first 
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state of the first predetermined command signal and a second sfcrfe of the second 
predetermined command signal; and / 

perform an auto-refresh of the DRAM, generate/the first and second 
refresh signals, and disable components of the DRAM other than the first set of input 
buffers at the conclusion of an auto-refresh cycle in response to decoding an auto- 
refresh command and detecting a second state of the firs/ predetermined command 
signal and a second state of the second predetermined command signal. 

45. The dynamic random access memory bi claim 44 wherein the clock 
input buffer is disabled by a third refresh signal, and wher/in the refresh decoder is further 
operable to generate the third refresh signal along with the first and second refresh signals. 

46. The dynamic random access memory of claim 44 wherein the first 
predetermined signal comprises a clock enable signal. / 

47. The dynamic random access/memory of claim 44 wherein the second 
predetermined signal comprises a data mask signal. 

48. The dynamic random access memory of claim 44 wherein the refresh 
decoder is operable to terminate the first and/second refresh signals at the conclusion of the 
auto-refresh if the first state of the first predetermined command signal and the second state 
of the second predetermined command signlal were detected, the refresh decoder being further 
operable to continue generating the first And second refresh signals at the conclusion of the 
auto-refresh if the second state of the first predetermined command signal and the second 
state of the second predetermined command signal were detected. 

49. The dynamic random access memory of claim 48 wherein the refresh 
decoder is operable to continu/ generating the first and second refresh signals at the 
conclusion of the auto-refresh/as long as the second predetermined command signal is 
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50. The dynamic random access memory of claim 48 wherein tKe refresh 
decoder is operable to terminate the first and second refresh signals at the concision of the 
auto-refresh by detecting a predetermined transition of the internal clock/signal, and to 
terminate the first and second refresh signals responsive to detectingythe predetermined 
transition of the clock signal. 



51. The dynamic random access memory of eflaim 44 wherein the bias 
circuit is operable to bias a plurality of internal command sign/s to generate a no operation 
memory command. 



52. The dynamic random access mecnory of claim 44 wherein the refresh 
decoder comprises: 

a first decoder operable to decode the' at least one internal command indicative 
of a refresh of the DRAM and to generate a preMermined refresh signal responsive thereto; 

a timer coupled to the first/decoder, the timer being triggered by the 
predetermined refresh signal and generating refresh terminate signal a predetermined period 
after the predetermined refresh signal; and 

a second decoder coupled to the first decoder and to the timer, the second 
decoder being operable to generate a i/fresh command and the first and second refresh signals 
responsive to the predetermined refresh signal, the second decoder further being operable to 
terminate the refresh command /nd the first and second refresh signals responsive to the 
refresh terminate signal. 

53. The dynamic random access memory of claim 44 wherein the bias 
circuit comprises a transistor coupled to an output terminal of an input buffer in the first set 
through which the at leasft one internal command signal is coupled 



A computer system, comprising: 
a rWcessor having a processor bus; 
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an input device coupled to the processor through the processor bus adapted to 
allow data to be entered into the computer system; / 

an output device coupled to the processor through the processor bus adapted to 
allow data to be output from the computer system; / 

a memory controller generating a row address having a plurality of row 
address bits followed by a column address having a plurality of column address bits, the 
memory controller generating an array select signal prior to generating the plurality of column 
address bits, the array select signal corresponding to a column a/dress bit and having either a 
first state or a second state; and / 

a memory device coupled to the memory/ controller, the memory device 

comprising: / 

a row address circuit operable to receive and decoder row address 

signals applied to an external terminal; / 

a column address circuit operable to receive and decoder column 
address signals applied to an external terminal; 

an array of dynamic random access memory cells operable to store data 
written to or read from the array at a location determined by the decoded row address 
signals and the decoded column address signals; 

a data path circuit opefable to couple data signals corresponding to the 
data between the array and an external data terminal; 

a command signalygenerator operable to generate a sequence of control 
signals corresponding to command signals applied to respective external terminals and 
coupled thorough a first set of input buffers to generate respective internal command 
signals, the input buffers in/he first set being disabled by a first refresh signal, the 
command signal generator/Further including a bias circuit operable to bias at least one 
internal command signal /esponsive to a second refresh signal; and 

a refresl/ decoder operable to decode at least one internal command 
indicative of a refresh of the DRAM and causing the DRAM to be refreshed 
responsive thereto, tfie refresh decoder generating the first and second refresh signals 
durine the refresh If the DRAM. 
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55. The computer system of claim 54 wherein the first apj* second refresh 
signals comprise an auto-refresh signal. / 

56. The computer system of claim 54 wherein the/refresh decoder is further 
operable to removing the bias from the command signals and enabling the input buffers in the 
first set at the conclusion of the auto-refresh cycle. / 

57. The computer system of claim 54,/fiirther comprising a clock input 
buffer through which an external clock signal may be applied to generate an internal clock 
signal, the clock input buffer being disabled by a third/efresh signal, and wherein the refresh 
controller is operable to generate the third refresh signal during the refresh of the DRAM. 

58. The computer system of c/aim 54, further comprising a clock input 
buffer through which an external clock signal may be applied to generate an internal clock 
signal, and wherein the refresh controller is onferable to terminate the first and second refresh 
signals responsive to a predetermined transition of the internal clock signal. 

59. The computer system of claim 54 wherein the bias circuit comprises a 
transistor coupled to an output terminal off an input buffer in the first set through which the at 
least one internal command signal is coupled. 

60. The computer /ystem of claim 54 wherein the refresh decoder is further 
operable to detect the state of a predetermined command signal, and, in response to detecting 
a first state of the predetermined Command signal, to continue biasing the command signal 
and disabling the input buffers ir/the first set at the conclusion of the auto-refresh cycle. 

61. The computer system of claim 54 wherein the refresh decoder 

comprises: / 

a first decoder operable to decode the at least one internal command indicative 
of a refresh of the DRANyand to generate a predetermined refresh signal responsive thereto; 
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a timer coupled to the first decoder, the timer being triggered by the 
predetermined refresh signal and generating a refresh terminate signal a predetermined period 
after the predetermined refresh signal; and / 

a second decoder coupled to the first decoder and to the timer, the second 
decoder being operable to generate a refresh command and the first and second refresh signals 
responsive to the predetermined refresh signal, the second decoder further being operable to 
terminate the refresh command and the first and second refresh signals responsive to the 
refresh terminate signal. / 

62. The computer system of claim 61 whecein the predetermined refresh 
signal comprises an auto-refresh signal and the refresh command comprises an auto-refresh 
command. / 

A computer system, comprising: / 
a processor having a processor bus; / 

an input device coupled to the proces/or through the processor bus adapted to 
allow data to be entered into the computer system; / 

an output device coupled to the processor through the processor bus adapted to 
allow data to be output from the computer system; 

a memory controller generating a row address having a plurality of row 
address bits followed by a column address yhaving a plurality of column address bits, the 
memory controller generating an array selec/signal prior to generating the plurality of column 
address bits, the array select signal corresponding to a column address bit and having either a 
first state or a second state; and / 

a memory device courted to the memory controller, the memory device 

comprising: / 

a row address circuit operable to receive and decoder row address 

signals applied to an external terminal; 

a column /address circuit operable to receive and decoder column 
address signals applied to an external terminal; 
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an array of dynamic random access memory cells operable to store data 
written to or read from the array at a location determined by the decoded row address 
signals and the decoded column address signals; / 

a data path circuit operable to couple data signals corresponding to the 
data between the array and an external data terminal; / 

a clock input buffer through which an external cloctf signal is coupled 
to generate an internal clock signal; / 

a command signal generator operable to generated sequence of control 
signals corresponding to command signals applied to respective'external terminals and 
coupled thorough a first set of input buffers to generate respective internal command 
signals, the input buffers in the first set being disabled by/a first refresh signal, the 
command signal generator further including a bias circuit operable to bias at least one 
internal command signal responsive to a second refresh signal; and 

a refresh decoder operable to decode at least an auto-refresh command 
and to initiate an auto-refresh cycle responsive thereto, the refresh decoder being 
further operable to detect the respective states of first and second predetermined 
command signals, the refresh decoder being operablefto: 

perform a self-refresh of the DRAM in response to decoding an 
auto-refresh command and detecting a fi/st state of the first predetermined 
command signal and a first state of the se/ond predetermined command signal; 

perform an auto-refresh of the DRAM in response to decoding 
an auto-refresh command and a detecting second state of the first 
predetermined command signal and L first state of the second predetermined 

command signal; / 

perform an auto-refifesh of the DRAM and generate the first and 
second refresh signals in responsfc to decoding an auto-refresh command and 
detecting a first state of the firs/ predetermined command signal and a second 
state of the second predetermined command signal; and 

perform an auto-refresh of the DRAM, generate the first and 
second refresh signals, and disable components of the DRAM other than the 
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first set of input buffers at the conclusion of an auto-refresh cycle 7 in response 
to decoding an auto-refresh command and detecting a second sfcite of the first 
predetermined command signal and a second state /of the second 
predetermined command signal. / 

64. The computer system of claim 63 wherein th/ clock input buffer is 
disabled by a third refresh signal, and wherein the refresh decoder is further operable to 
generate the third refresh signal along with the first and second refresh signals. 

65. The computer system of claim 63 w/erein the first predetermined 
signal comprises a clock enable signal. / 

66. The computer system of claim 63/ wherein the second predetermined 
signal comprises a data mask signal. / 

67. The computer system of cl/im 63 wherein the refresh decoder is 
operable to terminate the first and second refresh tfgnals at the conclusion of the auto-refresh 
if the first state of the first predetermined comm/nd signal and the second state of the second 
predetermined command signal were detected/the refresh decoder being further operable to 
continue generating the first and second refresh signals at the conclusion of the auto-refresh if 
the second state of the first predetermined command signal and the second state of the second 
predetermined command signal were detected. 

68. The computer System of claim 63 wherein the refresh decoder is 
operable to continue generating the/first and second refresh signals at the conclusion of the 
auto-refresh as long as the seconaypredetermined command signal is maintained in the second 
state. / 



69. The 
operable to terminate the ft 



imputer system of claim 67 wherein the refresh decoder is 
and second refresh signals at the conclusion of the auto-refresh 
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by detecting a predetermined transition of the internal clock signal, and to terminal the first 
and second refresh signals responsive to detecting the predetermined transitiojj/of the clock 
signal. / 

70. The computer system of claim 63 wherein the biasfcircuit is operable to 
bias a plurality of internal command signals to generate a no operation/memory command. 

71. The computer system of claim 63 wjferein the refresh decoder 

comprises: / 

a first decoder operable to decode the at least/one internal command indicative 
of a refresh of the DRAM and to generate a predeterminedfrefresh signal responsive thereto; 

a timer coupled to the first decoder/ the timer being triggered by the 
predetermined refresh signal and generating a refresh/terminate signal a predetermined period 
after the predetermined refresh signal; and / 

a second decoder coupled to th/first decoder and to the timer, the second 
decoder being operable to generate a refresh command and the first and second refresh signals 
responsive to the predetermined refresh sienal, the second decoder further being operable to 
terminate the refresh command and the/irst and second refresh signals responsive to the 
refresh terminate signal. / 

72. The computer system of claim 63 wherein the bias circuit comprises a 
transistor coupled to an output tfrminai of an input buffer in the first set through which the at 
least one internal command signal is coupled 

A j/ethod of performing an auto-refresh of a dynamic random access 
memory having a first Lx of input buffers through which command signals are coupled, the 

method comprising: / 

disabling the input buffers in the first set during the performance of the auto- 
refresh cycle; / 
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biasing a plurality of command signals to assert a predetermined memory 
command during the auto-refresh cycle; / 

at the conclusion of the auto-refresh cycle, removing the bias from the 
command signals and enabling the input buffers in the first set. / 

74. The method of claim 73 wherein the dynamic random access memory 
comprises a synchronous dynamic random access memory th/t operates in synchronism with 
a clock signal applied to the dynamic random access memor/ through a clock input buffer. 

75. The method of claim 74, further /omprising disabling the clock input 
buffer during at least a portion of the auto-refresh cyclp and re-enabling the clock input buffer 
at the conclusion of the auto-refresh cycle. / 

76. The method of claim 75 /wherein the act of removing the bias of the 
command signals and enabling the input buffed in the first set comprises: 

examining the clock signal coupled through the clock input buffer; 
detecting a predetermined transition of the clock signal; and 
removing the bias from the command signals and enabling the input buffers in 
the first set responsive to detecting a predetermined transition of the clock signal. 

77. The methodfof claim 76 wherein the act of removing the bias from the 
command signals and enabling/the input buffers in the first set responsive to detecting a 
predetermined transition of the clock signal further comprises waiting a predetermined 
duration after detecting the /redetermined transition to remove the bias from the command 
signals and enable the inpujt buffers in the first set. 

78. pe method of claim 77 wherein the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for one-half the period 
of the clock signal after detecting the predetermined transition. 
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79. The method of claim 77 wherein the act of waiting a predetermine! 
duration after detecting the predetermined transition comprises waiting for a second transition 
of the clock signal having a polarity that is different from the polarity of the predetermined 
transition. 

80. The method of claim 79 wherein the predetermined transition 
comprises a rising edge of the clock signal applied to the clock input butM, and the second 
transition comprises a falling edge of the clock signal applied to the clock/input buffer. 
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81. The method of claim 73 wherein the act of biasing a plurality of 
command signals to assert a predetermined memory command during the auto-refresh cycle 
comprises biasing a plurality of command signals to assert a nyoperation memory command 
during the auto-refresh cycle. 

82. The method of claim 73, further comprising: 
detecting the state of a command signal; 
in response to detecting a first stat^of the command signal, continuing to bias 

the command signals and disable the input butters in the first set at the conclusion of the 
auto-refresh cycle; and 

in response to detecting a transition of the command signal from the first state 
to a second state, removing the bias frgm the command signals and enabling the input buffers 
in the first set. 



83. The metKod of claim 82, further comprising: 

in response/to detecting a first state of the command signal, disabling 
predetermined components of the dynamic random access memory at the conclusion of the 
auto-refresh cycle;afid 

inresponse to detecting a transition of the command signal from the first state 
to a secon/state, enabling the predetermined components of the dynamic random access 
memqp 
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84. The method of claim 73 wherein th/dynamic random access memory 
further includes a second set of input buffers through wjfrch address signals are coupled, and 
wherein the method further comprises: 

disabling the input buffers in the se/ond set during the performance of the 
auto-refresh cycle; and 

at the conclusion of the auto-refyesh cycle, enabling the input buffers in the 

second set. 
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85. A method of reducing/power consumption in a dynamic random access 
memory ("DRAM") having a first set of input buffers through which command signals are 
coupled, the method comprising: 

detecting each of a plur/lity of memory commands, including an auto-refresh 

command; 

detecting the state of /first predetermined command signal; 

in response to detec/ing an auto-refresh command and a first state of the first 
predetermined command signal,/performing an auto-refresh of the DRAM and, at the 
conclusion of the auto-refresh, automatically transitioning the DRAM to an active mode; and 

in response to detecting an auto-refresh command and a second state of the 
first predetermined commands signal, performing an auto-refresh of the DRAM and, at the 
conclusion of the auto-refiish, automatically transitioning the DRAM to a low power 
precharge mode. 



86. Th'e method of claim 85 wherein the first predetermined signal 
comprises a clock enable signal. 



87. /The method of claim 85 wherein the DRAM comprises a synchronous 
dynamic random access memory that operates in synchronism with a clock signal applied to 
the DRAM througp a clock input buffer. 
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88. The method of claim 87, further comprising disabling the clock input 
buffer during at least a portion of the auto-refresh and re-etiabling the clock input buffer at the 
conclusion of the auto-refresh in the event the first state fcf the first predetermined command 
signal is detected. / 

89. The method of claim 85 whereirf the act of performing an auto-refresh 
of the DRAM comprises disabling the input buffers irfthe first set during the performance of 
the auto-refresh. / 

90. The method of claim 89, whi-ein the act of performing an auto-refresh 
of the DRAM further comprises biasing a plurality of command signals to assert a 
predetermined memory command during the auto-rpfresh. 

9 1 . The method of claim 90, wherein the act of performing an auto-refresh 
of the DRAM further comprises removing the bias from the command signals and enabling 
the input buffers in the first set at the conclusion/of the auto-refresh cycle. 

92. The method of claim 9 If, wherein the DRAM further includes a clock 
input buffer that receives an external clock signal to generate an internal clock signal, and 
wherein the act of removing the bias from/ the command signals and enabling the input 
buffers in the first set comprises: / 

examining the internal clockfcignal; 

detecting a predetermined transition of the internal clock signal; and 
removing the bias from the/command signals and enabling the input buffers in 
the first set responsive to detecting a predetermined transition of the internal clock signal. 

93. The method of cfeim 92 wherein the act of removing the bias from the 
command signals and enabling the irfput buffers in the first set responsive to detecting a 
predetermined transition of the internal clock signal further comprises waiting a 
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predetermined duration after detecting the predetermined transition to remove the bias from 
the command signals and enable the input buffer/ in the first set. 

94. The method of claim 93 wherein the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for one-half the period 
of the clock signal after detecting the predetermined transition. 

95. The method of claim 93 wherein the act of waiting a predetermined 
duration after detecting the predetermined tfansition comprises waiting for a second transition 
of the clock signal having a polarity that Is different from the polarity of the predetermined 
transition. / 

96. The method of c/aim 90 wherein the act of biasing a plurality of 
command signals to assert a predetermined memory command during the auto-refresh 
comprises biasing a plurality of command signals to assert a no operation memory command 
during the auto-refresh. / 

97. The method of/claim 89 wherein the DRAM further includes a second 
set of input buffers through which (address signals are coupled, and wherein the method 
further comprises: / 

disabling the input buffers in the second set during the performance of the 

auto-refresh; and / 

at the conclusion of/the auto-refresh, enabling the input buffers in the second 

set. / 

98. The methoti of claim 85 wherein the act of automatically transitioning 
the DRAM to a low power predharge mode comprises disabling predetermined components 
of the dynamic random access memory at the conclusion of the auto-refresh. 
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99. The method of claim 98, further comprising enabling /he 
predetermined components of the dynamic random access memory in response to detecting a 
transition of the command signal from the second state to the first state. 




10ft\ A method of reducing power consumption in a synchronous dynamic 
random access memory ("SDRAM") having a first set of input buffi/ s through which 
command signals are coupled and a clock input buffer through wj^fch a clock signal is 
coupled, the method comprising: / 

detecting each of a plurality of memory commands, including an auto-refresh 

command; / 

detecting the state of a first predetermined command signal; 
detecting the state of a second predetemmied command signal; 
in response to detecting an auto-refresh command and a first state of the first 
predetermined .command signal and a first state^f the second predetermined command signal, 
performing a self-refresh of the SDRAM; / 

in response to detecting^ auto-refresh command and a second state of the 
first predetermined command signal/and a first state of the second predetermined command 
signal, performing an auto-refresh/of the SDRAM; 

in response to detecting an auto-refresh command and a first state of the first 
predetermined command signal and a second state of the second predetermined command 
signal, performing a \vJ power auto-refresh of the SDRAM, the low power auto-refresh 
comprising disabling ihe input buffers in the first set and biasing a plurality of command 
signals to assert a predetermined memory command during the auto-refresh cycle; and 

Response to detecting an auto-refresh command and a second state of the 
first predetermined command signal and a second state of the second predetermined 
command/ignal, performing a low power auto-refresh of the SDRAM and, at the conclusion 
of theyduto-refresh, performing a low power precharge of the SDRAM, the low power 
comprising disabling components of the SDRAM other than the first set of input 



Ters. 
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101. The method of claim 100 wherein the act of performing a low power 
auto-refresh of the SDRAM further comprises disabling the clock input Buffer during at least 
a portion of the low power auto-refresh / 

102. The method of claim 101, further comprising re-enabling the clock 
input buffer at the conclusion of the auto-refresh in the event tile first state of the first 
predetermined command signal is detected. / 

1 03 . The method of claim 1 00, further comprising: 

removing the bias from the command signals arid enabling the input buffers in 
the first set at the conclusion of the low power auto-refrdsh if the first state of the first 
predetermined command signal and the second state of the/second predetermined command 
signal were detected; and / 

maintaining the bias to the command sidnals and continuing to disable the 
input buffers in the first set at the conclusion of the low flower auto-refresh if the second state 
of the first predetermined command signal and the second state of the second predetermined 
command signal were detected. / 

104. The method of claim 103 wherein the act of maintaining the bias of the 
command signals and continuing to disable the inpit buffers in the first set at the conclusion 
of the low power auto-refresh comprises maintaining the bias of the command signals and 
continuing to disable the input buffers in the fip set as long as the second predetermined 
command signal is maintained in the second stats. 

105. The method of claim 108 wherein the act of removing the bias from the 
command signals and enabling the input buffers in the first set at the conclusion of the low 
power auto-refresh comprises: / 

examining the clock signal coupled through the clock input buffer; 
detecting a predetermined transition of the clock signal; and 
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removing the bias from the command signals and enabling the input buffers in 
the first set responsive to detecting a predetermined transition of the cl/ck signal. 

106. The method of claim 105 wherein the act otfremoving the bias from the 
command signals and enabling the input buffers in the first/et responsive to detecting a 
predetermined transition of the clock signal further comprises waiting a predetermined 
duration after detecting the predetermined transition to cernove the bias from the command 
signals and enable the input buffers in the first set. / 

107. The method of claim 106 /herein the act of waiting a predetermined 
duration after detecting the predetermined tran^tion comprises waiting for one-half the period 
of the clock signal after detecting the predetermined transition. 

,108. The method of/laim 106 wherein the act of waiting a predetermined 
duration after detecting the predetermined transition comprises waiting for a second transition 
of the clock signal having a polarity that is different from the polarity of the predetermined 
transition. / 

109. Th/ method of claim 100 wherein the act of biasing a plurality of 
command signals to assert a predetermined memory command during the auto-refresh cycle 
comprises biasing a plurality of command signals to assert a no operation memory command 
during the auto-refi^sh cycle. 

/l0. The method of claim 100 wherein the first predetermined signal 
comprises a olock enable signal. 



/ 111. The method of claim 100 wherein the second predetermined signal 
compris/s a data mask signal. 



